Recent studies suggest that 1) electrically induced fibrillation and defibrillation involve prolongation of refractoriness by the shock in addition to stimulation and 2) biphasic waveforms are more efficient for defibrillation than are comparable monophasic waveforms. The purpose of this study was to compare prolongation of action potential duration at 50% repolarization by monophasic and biphasic shocks during paced rhythm. A floating glass microelectrode was used to record intracellularly from the anterior right ventricular epicardium in seven open-chest dogs. After 10 S, beats paced at an interval of 350 msec, 5-msec and 2.5-msec monophasic shocks and biphasic shocks, with each phase of 2.5 msec, were given via mesh electrodes on either side of the microelectrode. The shock strength was adjusted so that the shock field, measured from eight extracellular electrodes encircling the microelectrode, was about 5 V/cm. Monophasic and biphasic S2 shocks were given starting with an S1-S2 interval of 120 msec, which was increased in 5-msec steps until an action potential was produced by the S2 shock. Both monophasic and biphasic 5 V/cm shock fields caused significant prolongation of action potential duration. The prolongation of action potential duration increased as the S1-S2 interval increased. This prolongation occurred at shorter S1-S2 intervals for 5-msec monophasic shocks than for biphasic shocks. (Circulation Research 1991;68:1761-1767 M ost considerations of the mechanism of defibrillation have concentrated on myocarv dial stimulation, that is, the cells of the fibrillating tissue must be excited to achieve successful defibrillation.1 Recent studies suggest that defibrillation failure can be caused by the reinitiation of fibrillation by the stimulation of relatively refractory myocardium by the shock.23 Mapping studies4'5 suggest that an important factor for the initiation of ventricular fibrillation (VF) by electrical stimulation during the vulnerable period of relative refractoriness is a local or graded response,6 in which the shock prolongs refractoriness without giving rise to a propagated activation after the shock. If true, this factor may be important both for defibrillation and for the From the
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Recent studies suggest that 1) electrically induced fibrillation and defibrillation involve prolongation of refractoriness by the shock in addition to stimulation and 2) biphasic waveforms are more efficient for defibrillation than are comparable monophasic waveforms. The purpose of this study was to compare prolongation of action potential duration at 50% repolarization by monophasic and biphasic shocks during paced rhythm. A floating glass microelectrode was used to record intracellularly from the anterior right ventricular epicardium in seven open-chest dogs. After 10 S, beats paced at an interval of 350 msec, 5-msec and 2.5-msec monophasic shocks and biphasic shocks, with each phase of 2.5 msec, were given via mesh electrodes on either side of the microelectrode. The shock strength was adjusted so that the shock field, measured from eight extracellular electrodes encircling the microelectrode, was about 5 V/cm. Monophasic and biphasic S2 shocks were given starting with an S1-S2 interval of 120 msec, which was increased in 5-msec steps until an action potential was produced by the S2 shock. Both monophasic and biphasic 5 V/cm shock fields caused significant prolongation of action potential duration. The prolongation of action potential duration increased as the S1-S2 interval increased. This prolongation occurred at shorter S1-S2 intervals for 5-msec monophasic shocks than for biphasic shocks. (Circulation Research 1991; 68:1761 -1767 M ost considerations of the mechanism of defibrillation have concentrated on myocarv dial stimulation, that is, the cells of the fibrillating tissue must be excited to achieve successful defibrillation.1 Recent studies suggest that defibrillation failure can be caused by the reinitiation of fibrillation by the stimulation of relatively refractory myocardium by the shock.23 Mapping studies4'5 suggest that an important factor for the initiation of ventricular fibrillation (VF) by electrical stimulation during the vulnerable period of relative refractoriness is a local or graded response,6 in which the shock prolongs refractoriness without giving rise to a propagated activation after the shock. If true, this factor may be important both for defibrillation and for the initiation of VF. It is not possible, however, to determine with extracellular mapping electrodes if action potential duration is prolonged by a shock during the relative refractory period. Although the changes in intracellular potential caused by electrical stimuli have been studied in isolated tissue,6 little is known about the changes in intracellular potential caused by electrical shocks in the heart in situ.7 The purpose of this study was to determine if action potential duration is altered by shocks in the in vivo beating heart. Because some biphasic waveforms have been shown to be more efficient for defibrillation than are monophasic waveforms,8 both waveforms were examined.
Materials and Methods

Surgical Preparation
Seven mongrel dogs weighing 19.1+±1.9 kg were anesthetized with morphine (1.5 mg/kg) and a-chloralose (75 mg/kg i.v.). The dogs were intubated with a cuffed endotracheal tube and ventilated with 30-60% oxygen through a respirator (Harvard Apparatus, South Natick, Mass.). Normal body temperature was maintained, and an arterial line was inserted through a femoral artery to monitor the systemic blood pressure. Blood samples were taken to deter-
Reference Electrode
Si SI S2 FIGURE 1. Schematic representation of the recording and shock electrodes. An anterior view of the heart is shown with the right coronary artery separating the right atrium (RA) and right ventricle (RV), and the left anterior descending coronary artery between the right and left ventricles (panel A). Patch defibrillation electrodes (DF) are sutured on the apicolateral left ventricle (LV) and on the right atrium. A ring that contains eight epicardial bipolar recording electrodes (closed circles), one pacing wire (*), and one reference electrode for intracellular potential (hatched circle) is on the anterior right ventricle (panel B). A floating glass microelectrode is inserted into the center ofthe ring to record the intracellularpotential. Two mesh electrodes for delivering S2 shocks are on either side of the ring (S2 in panel A). Examples of S, APD50 and SI-S2APD50 are shown (panel C). S, APD50 is the interval from the onset ofthe action potential to the time for the action potential to return to 50% of its maximum value after the S, stimulus. S]-S2 APD50 is the interval from the onset of the last S, action potential to the time for the action potential to return to 50% of its maximum value following the S, shock. mine the pH, Po2, Pco2, CO2 content, and sodium, potassium, and calcium concentrations. Normal metabolic status was maintained by taking blood samples every 40-60 minutes and administering electrolytes and changing the oxygen concentration of inspired
The chest was opened through a median sternotomy, and the heart was suspended in a pericardial cradle. The epicardial surface was kept moist by a thin film of Tyrode's solution. Two round defibrillation electrodes (25 mm in diameter) were sutured to the right atrium and left ventricular apex for defibrillation ( Figure 1 ). A silicone rubber ring (25 mm in diameter) containing eight epicardial extracellular recording electrodes, one pacing wire, and one Ag-AgCl reference electrode was sutured on the right ventricle. Six to eight suture lines were inserted through the ring and attached to the chest retractor to reduce the local movement of the heart and to maintain a stable intracellular recording. Two mesh shock electrodes (25 x 4 mm) were sutured just outside the ring to create an S2 shock field in the ring area.
Experimental Protocol
Five-millisecond monophasic, 2.5-msec monophasic, and 2.5-2.5-msec biphasic truncated exponential shocks were delivered by a defibrillator (model HVS-02, Ventritex, Sunnyvale, Calif.) through the mesh electrodes. The leading edge voltage of the second phase of the biphasic waveform was set equal to the trailing edge voltage of the first phase to mimic the output of a single capacitor. Unipolar shock potentials were recorded from the eight epicardial electrodes on the ring with respect to the left leg. The potential gradient across the ring was calculated from the recorded potentials from four of the eight electrodes in the ring. The average of the unipolar potentials recorded from the two ring electrodes closest to one of the S2 electrodes was subtracted from the average potential recorded from the two ring electrodes on the opposite side of the ring closest to the other S2 electrode. The potential gradient was estimated by dividing this potential difference by the mean distance between the electrodes on opposite sides of the ring. The output of the defibrillator was adjusted until the potential gradient was approximately 5 V/cm during the third millisecond of the shock. After stable recordings of intracellular action potential were obtained, 10 unipolar, cathodal S, pacing stimuli were delivered via a A B C pacing wire on the ring with a cycle length (S,-S, interval) of 350 msec at twice diastolic pacing threshold. A premature S2 stimulus, creating a potential gradient field of 5 V/cm in the recording area, was given initially with an S1-S2 interval of 120 msec. The three different waveforms were given randomly in succession at this and all following S1-S2 intervals.
The S1-S2 interval was increased in 5-msec steps until a response was produced after S2 that had a duration at least 50% as long as the action potential duration after S, stimulation alone. The S2 shock was also given with a 50-msec S1-S2 interval. If VF was induced by the S2 stimulus, a salvage shock was delivered immediately by a DC defibrillator (Lifepak 8, Physio-Control Inc., Redmond, Wash.) through the defibrillation electrodes.
Signal Recordings
Simultaneous intracellular and extracellular recordings were made with a computer-assisted cardiac mapping system.4 Before and soon after the S2 shock, cardiac activations were recorded in bipolar mode with AC-coupled amplifiers with a 5 Hz high-pass filter. Approximately 5 msec before the S2 shock, a microprocessor switched in attenuators in front of each amplifier so that the shock potentials could be recorded in unipolar mode with low gain and DC coupling. Immediately after the S2 shock, the attenuators were switched out and the gains and coupling of the amplifiers returned to the initial preshock state to record activations.4 For intracellular recordings, a conventional microelectrode (tip resistance 10-30 MfQ, filled with 3 M KCl) was mounted on a chlorided silver wire spiral to allow the microelectrode to follow cardiac motion. Action potentials were recorded at the center of the ring as the difference in voltage between the intracellular microelectrode and an extracellular Ag-AgCl electrode fixed on the ring (Figure 1 ). The action potentials were passed through a high-impedance, capacitance compensation preamplifier (model 750, W.P. Instruments, Inc., New Haven, Conn.). The signal after preamplification was recorded simultaneously with the eight extracellular signals by the mapping system. No attenuator circuit was used for the intracellular recordings. Both intracellular and extracellular signals were recorded digitally with 12-bit accuracy at a rate of 8,000 samples/channel/sec and were stored on video tape for off-line analysis. Terninology S, APD50 is defined as the interval from the onset of the action potential to the time for the action potential to return to 50% of its maximum value after the S, stimulus. S1-S2 APD50 is defined as the interval from the onset of the last S, action potential to the time for the action potential to return to 50% of its maximum value following the S2 shock ( Figure 1C ). A longer duration, such as APD90, was not used because a propagated response sometimes reactivated the tissue before the action potential following the S2 shock had reached this longer duration. S-S2 APD50 was normalized by dividing it by the immediately preceding S1 APD50 to compensate partially for variation between different animals and different impalements. S2-induced action potential (S2 AP) refers to a response that occurred immediately after the S2 shock without a latency between the end of the shock and the beginning of the response and that had an S1-S2 APD50 at least 50% longer than the preceding S, APD50. This value of 50% extension in APD50 was chosen because pilot studies indicated that as the S1-S2 coupling interval was increased by only [5] [6] [7] [8] [9] [10] msec in a certain critical range, the action potential prolongation rapidly increased from 10-20% to 80-90%, suggesting the transition from prolongation of the S, action potential to generation of a new action potential. Thus, the point halfway between these values of action potential prolongation, 50%, was used to separate initiation of a new action potential (S2 AP) from prolongation of the S, action potential by the S2 stimulus.
Data Analysis
The criteria for acceptance of action potentials for analysis were 1) a tip resistance of the glass microelectrode of more than 10 Mfl; 2) recording after 5-msec monophasic, 2.5-msec monophasic, and 2.5-2.5-msec biphasic shocks with the same S1-S2 interval during the same impalement; and 3) a difference of S action potential amplitude of not more than 5 mV between recordings of 5-msec monophasic, 2.5-msec monophasic, and 2.5-2.5-msec biphasic shocks with the same S1-S2 interval. This last criterion was established to ensure that differences in S1-S2 APD50 were not caused by changes in action potential amplitude during different S1-S2 episodes. APD50 was determined with the aid of a computer program. The shortest S1-S2 intervals of monophasic and biphasic shocks causing VF and causing a propagated response as indicated by the eight extracellular recordings were also determined. The data were analyzed using analysis of variance. A value of p<0.05 was interpreted as significant. Values are given as mean+1 SD.
Results
From three to five impalements were required to obtain all of the data from each animal. At any S1-S2 coupling interval, however, the data for all three waveforms were always obtained from the same impalement. The mean S, action potential amplitude for all S1-S2 pacing intervals for the three shock waveforms in all animals was 97.6+6.5 mV. The mean S, APD50 was 149+4 msec. No prolongation of S1-S2 APD50 occurred when the S1-S2 interval was 50 msec; the normalized S1-S2 APD50 with a 50-msec S1-S2 interval was 99+2% for 5-msec monophasic, 100±2% for 2.5-msec monophasic, and 99±3% for biphasic shocks. Prolongation orf action potential duration following S, shocks at different S,-S, intervals in one animal. On the ordinate are the three different waveforms and otn the abscissa are the S,-S, coupling intervals of 50, 120, 150, 165, and 180 msec. The action potential during which the S2 shock was given 180 ms is superimposed on the preceding S, action r potential. As the S,-S, interval was lengthened, the action potential duration increased until an S2-induced action potential was produced by all three waveforms at a 180-msec interval. At 150-and 165-msec S,-S, intervals for the 5-msec monophasic shock (5MONO) and at the 165-msec interval for the 2-5-msec monophasic shock (2.5MONO), an action potential (arrow) followed the prolongation of the intervalfrom the onset of the last S, action K potential to the time for the action potential to return to 50% of its maximum value following the S, shock (S,-S, APD50). The upstroke of The action potential duration was prolonged when the S1-S2 coupling interval was increased ( Figure 2) . The mean SI-S2 APD50s for all animals are shown in Figure 3 . Because the effective refractory period was different both for different animals and for different waveforms in the same animal, the data in Figure 3 are shown in two ways. In Figure 3A , the S2 AP (the S1-S2 coupling interval initiating an action potential) for the 5 -msec monophasic waveform is plotted as 0 msec for all waveforms, while in Figure 3B , the S2 AP for each individual waveform is plotted as 0 msec. For example, suppose that the S1-S2 coupling interval inducing an S2 AP is 170 msec for the 5 -msec monophasic waveform, 175 msec for the 2.5 -msec monophasic waveform, and 180 msec for the biphasic waveform. Then 0 msec in Figure 3A would be 170 msec for all three waveforms for this animal, while 0 msec in Figure 3B would be 170 msec for the 5-msec monophasic, 175 msec for the 2.5-msec monophasic, and 180 msec for the biphasic waveforms, respectively. At those S1-S2 intervals at which the S1-S2 APD50 was prolonged, the prolongation was longer for the 5-msec monophasic than for the 2.5-msec monophasic or biphasic shocks (Figures 2 and 3A) . The S1-S2 interval inducing an S2 AP was 171+± 13 msec for 5-msec monophasic, 175+11 msec for 2.5msec monophasic, and 179±11 msec for biphasic shocks (p<0.05 for 5-msec monophasic versus bipha-sic shocks). For all three waveforms, there usually was a sudden change from prolongation of S1-S2 APD50 to an S2 AP with just a 5-msec lengthening of the S1-S2 interval (from -5 to 0 msec in Figure 3B ). The prolongation of S1-S2 APD5O was not significantly different for the three waveforms when the prematurity of the S1-S2 interval was expressed with respect to the S1-S2 interval causing an S2 AP ( Figure 3B ). Thus, while the response versus S1-S2 interval curve was shifted 8 msec later for the biphasic than for the 5 -msec monophasic waveform (179 versus 171 msec), the shape of the curve was similar for the different waveforms.
In many cases at S1-S2 coupling intervals slightly shorter than required for initiation of an S2 AP, a full action potential occurred soon after the action potential prolongation caused by the S2 stimulus (arrows in Figure 2 ). The upstroke of this action potential was part of a propagated response that caused activation complexes at approximately the same time in the recordings from the eight ring electrodes. The shortest S1-S2 interval causing such a propagated response was 143+1 1 msec for 5 -msec monophasic, 151+ 12 msec for 2.5-msec monophasic, and 166+ 13 msec for biphasic shocks (p<0.05 among the three waveforms). Shorter S1-S2 intervals for propagated responses and for S2 APs indicated that the effective refractory period was shorter for monophasic than S1 -S2 50ms 0 S1-S2 coupling interval (ms) S1-S2 coupling interval (ms) FIGURE 3. Relation between the normalized S1-S2 APD50 and S1-S2 coupling interval. The mean and standard deviation of the normalized S1-S2 APD50 is shown for each waveform at 5-msec increments in the Sr-S2 intervals. Panel A: The results for all three waveforms are time-aligned with respect to the S2-induced action potential for the 5-msec monophasic shock (5 Mono, time 0). All S]-S2 APD50 values were significantly different from the S, APD50 value with S2-S2 coupling intervals 2 -40 msec for 5-msec monophasic, -10 msec for 2.5-msec monophasic (2.5 Mono), and -25 msec for biphasic (2.5-2.5 Bi) waveforms. Panel B: Each waveform is time-aligned with respect to the S2-induced action potential for the particular waveform (time 0). After this alignment, normalized S-S2 APD50 at each S1-S2 interval was not significantly different for the three waveforms except for the 5-msec and 2.5-msec monophasic waveformns which differed significantly from each other at an S1-S2 interval of -5 msec. S, APD50 is the interval from the onset of the action potential to the time for the action potential to return to 50% of its maximum value after the S, stimulus. S1-S2 APD50 is the interval from the onset of the last S, action potential to the time for the action potential to return to 50% of its maximum value following the S2 shock.
for biphasic shocks. The shortest S1-S2 interval for the initiation of VF also was earlier (p<0.05) for the 5-msec monophasic shock (167+10 msec) than for the biphasic shock (176+11 msec). The shortest S1-S2 interval for the initiation of VF by the 2.5-msec monophasic shock was intermediate in value (172±12 msec,p=NS).
Discussion While electrical shocks have been widely used for the treatment of ventricular tachyarrhythmias, little is known about the response of the intracellular action potential to these shocks. Tissue bath studies have shown that intracellular or extracellular stimuli during the relative refractory period, if slightly earlier or slightly weaker than necessary to initiate a full action potential, can prolong both action potential duration and refractoriness in the adjacent tissue without giving rise to a propagated activation.6 A similar phenomenon may occur in the intact heart distant from the stimulating electrodes after large shocks and may be involved in the electrical initiation of VF as well as in defibrillation. To determine whether action potentials can be prolonged by premature shocks in tissue several centimeters from the stimulating electrodes in the heart in situ, we combined two experimental techniques: 1) recording intracellular action potentials with a floating micro-electrode and 2) recording shock potentials and extracellular activation complexes with a computerassisted mapping system.4 For the first time, this study used both techniques simultaneously and showed that it is possible to continue to record with a floating microelectrode immediately after a large stimulus. An S2 potential gradient field of approximately 5 V/cm was used in this study because it is a shock field strength at which important electrophysiological events occur. For example, circus reentry occurs around a "critical point" where a 3-msec monophasic S2 field of about 5 V/cm intersects tissue at the end of its refractory period,4 and defibrillation with a 10-msec monophasic waveform also requires approximately 5 V/cm.9 Action potential prolongation was indeed observed in this study at a shock potential gradient level important for VF and defibrillation. We believe that the observed responses are not artifacts caused by the shocks because 1) no response was seen after shocks early in the action potential (Figure 2 , 50 msec) and 2) frequently, the peak of the response was not immediately after the shock, but occurred later (Figure 2 , 165 msec for the 5 -msec monophasic waveform) as would be expected for a graded response. 6 In this paper we have used the general term "action potential prolongation" instead of attempting to differentiate those episodes that represent prolongation of action potential repolarization from those episodes that represent a graded response, although these two phenomena may occur by different mechanisms.6"' Prolongation of action potential duration and refractoriness may be involved in the formation of reentry and the initiation of VF after strong S2 stimulation. Recent studies4,5 suggest that slow conduction and conduction block can occur in areas in which a premature shock prolongs the action potential and refractory period." Circus reentry was observed in which postshock activation propagated away from a relatively refractory region exposed to potential gradients between the values of approximately 1 and 5 V/cm generated by a 3-msec monophasic shock, but postshock activation did not propagate away from relatively refractory regions exposed to shock potential gradients larger than approximately 5 V/cm.4 This observation suggested the hypothesis that action potential duration and refractoriness were prolonged in the refractory tissue in which the shock electric field was 5 V/cm or more, but little direct evidence to support this interpretation has been obtained.7 The prolongation of action potential duration observed in this study in response to a shock field of 5 V/cm directly supports this hypothesis for the mechanism of initiation of reentry by premature electrical shocks.5 By prolonging action potential duration and refractoriness, the S2 shock itself can create a nonuniform dispersion of refractoriness that leads to unidirectional conduction block, reentry, and VF.
While the maximum S,-S2 APD50 prolongation of 10-20% observed in this study is small, it may nevertheless cause the effects just described. This maximum action potential prolongation was observed in tissue only slightly less recovered (a 5-10-msec shorter S1-S2 interval in Figure 3B ) than tissue that can be stimulated to produce an SI AP. In myocardium in which refractoriness is dispersed, the tissue undergoing 10-20% S,-S2 APD5, prolongation will be adjacent to tissue that is slightly more recovered. This slightly more recovered tissue will be stimulated to produce an action potential that is capable of propagating immediately after the shock into any neighboring tissue that is sufficiently recovered. The 10-20% prolongation of action potential duration may prolong refractoriness so that activation cannot propagate into this tissue immediately after the shock, creating a short-lived, unidirectional block.
The mechanism of defibrillation is commonly thought to be stimulation of myocardium by the shock, that is, the shock field directly excites most tissue that is not absolutely refractory at the time of the shock, halting the preexisting activation fronts of VF.' Recent evidence suggests, however, that prolongation of refractoriness by the shock may also be important for defibrillation.'2 Our results indicate that prolongation of action potential duration, suggesting a prolongation of refractoriness, indeed oc-curs with a shock field sufficiently strong to defibrillate, 5 V/cm.
If both stimulation of myocardium and prolongation of action potential duration are important for defibrillation, then it might be assumed that if one waveform is better able than another to stimulate myocardium, to prolong action potential duration. or to do both, then the first waveform should be more efficacious for defibrillation than the second. Surprisingly, this does not appear to be the case. Some biphasic waveforms defibrillate with lower voltage and energy than monophasic waveforms of the same or half the same duration.1013 Yet, some of the biphasic waveforms that are efficacious for defibrillation are less able to excite relatively refractory tissue by extracellular field stimulation than are comparable monophasic waveforms. 14, 15 Our results indicate that when total stimulus duration is 5 msec. the extracellular field of a biphasic waveform efficacious for defibrillation causes less prolongation of action potential duration than does a monophasic waveform of the same duration or half the duration. Thus, even though a biphasic waveform may be less able to stimulate myocardium or to prolong action potential duration, it may nonetheless be better able to defibrillate.
There are at least two possible explanations for these apparently paradoxical findings. First, the response of the myocardium to biphasic waveforms may be different during VF than during paced regular rhythm. During VF the activation rate is extremely fast, ionic concentrations are altered, and channels are partially inactivated. 16 Thus, a 2.5-2.5msec biphasic waveform may be better able than a 5-msec monophasic waveform to stimulate tissue or to induce prolongation of recovery during VF even though it is less able to do so during regular rhythm. Second, stimulation of tissue or prolongation of recovery by the shock may not be the most important factors for defibrillation. This explanation is supported by the results for the 2.5-msec monophasic waveform. Even though the ability of the 2.5-msec monophasic waveform to stimulate tissue or prolong recovery is intermediate between that of the 5-msec monophasic and 2.5-2.5-msec biphasic waveforms, the defibrillation efficacy of the 2.5 -msec monophasic waveform is not also intermediate. It defibrillates less well than either of the other two waveforms.13 '17 Thus, there is neither a positive nor a negative correlation between defibrillation efficacy and the ability to stimulate tissue or prolong recovery.
If stimulation or prolongation of recovery is not of primary importance for defibrillation, what is? One candidate is detrimental electrophysiological effects of the shock such as conduction block in the regions of high gradient (>60-70 V/cm) near the defibrillation electrodes.18 For example, a 5-5-msec biphasic waveform has been shown to cause less conduction block than a 10-msec monophasic waveform in regions of high potential gradients.19 Thus, the 2.5-2.5msec biphasic waveform may also cause less conduc-tion block in regions of high potential gradient than does the 5-msec monophasic waveform, raising the possibility that this is an important factor for defibrillation. However, the 2.5 -msec monophasic waveform, since it delivers less charge and energy than the 5-msec monophasic waveform, would be expected also to cause less conduction block, suggesting that a detrimental effect in the high-gradient region is not the most important factor affecting defibrillation efficacy. Another possible candidate is the value of the potential gradient and refractoriness at the critical point for the induction of fibrillation. The upper limit of vulnerability hypothesis for defibrillation predicts that the primary determinant of the voltage or energy required for defibrillation is the shock strength that must be exceeded to keep from reinitiating VF.3 The upper limit of vulnerability has been shown to be less for a biphasic waveform that is efficacious for defibrillation than for a monophasic waveform of the same total duration,14 suggesting that the potential gradient at the critical point is less for the biphasic waveform. Therefore, it would take a shock of smaller voltage to exceed the critical potential gradient value over the ventricular myocardium and so prevent the reinduction of fibrillation after the defibrillation shock.
In summary, this study suggests that the mechanism of defibrillation is still unknown and involves more than stimulation of tissue or prolongation of recovery by the shock. It corroborates other results20 indicating that the mechanism of defibrillation is complex and probably multifactorial.
